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(71) We, American Home Products Corporation, a corporation organised 
and existing under the laws of the State of Delaware, United States of America, of 
685 Third Avenue, New York City 17, New York, United States of America, do hereby 
declare the invention for which we pray that a patent may be granted to us and rhe 
method by which it is to be performed, to be particularly described in and by the follow- 
ing statement: — 

This invention is concerned generally with novel steroid compoimds and with 
processes for preparing and using the same. More paaicularly it relates to steroids of 
the 6-substituted-13-polycarbona!lkyl-18,19-dinorpregn-4-en-3-one scries and the 
A*-dehydro analogues thereof, and to processes for producing them. 

The steroid compounds of this invention have in rings C and D the structure 




--Y 



(I) 



wherem R is an alkyl group of from 2 to 6 carbon atoms; X is C=0 or C(H)OR^ 
wherein R^ is a hydrogen or a (lower)alkanoyl group; and Y is H, OH or OCOR^ 
wherein R^ is a (lower)aIkyl group and in rings A and B the: structure 



(P) 




wherein Cc — C? is a divalent radical of one of the structures : 



CH3 2' CHs 2 CHz 



wherein Z is chloro, bromo or fluoro and is chloro or bromo, provided that when X 
is C= O and Y is H, — Co — C? is other than 



CH3 



(Q) 



The term "(It>wex)alkyl" denotes ethyl groups of from 1 to 6 carbon atoms, in- 
cluding both straight and branched chain, and illustrative members of which arc methyl, 
ethyl, n-propyl, /-propyl, n-butyl, 5-butyl, ^-butyl, n-pentyl, isopentyl and hexyl. The 
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term "polycarbon alkvl" denotes polycarbon(lowcr)alkyl, containing from 2 to 6 carbon 
atoms includes groups illustrated above, but cxcladii^ the methyl group; the ethyl 
group is preferred. The term "(iower)aIkanoyr' denotes groups of the formula (lower)- 
^.r£__C0— , wherein "(lower)alkyl" is above defined; acetyl is preferred. 

Special mention is made of a number of particularly valuable prrferred compounds 
of die instant invention. There are: 



compounds of formula la : 




(U) 



wherein R is alkyl of from 2 to 6 carbon atoms; X is C=0 or C(H)OR^ wherem 
is hydrogen or (lower)alkanoyl; Y is H, OH or OCOR= wherein R= is (lower)alkyl; and 
^ - is a divalent radical of one of the structures 



10 



i V V 

CH3 Ct 

13jS-ethyl-204--hydroxy-6-methyl-18,19-dinorprcgna-436^ien-3-one, a compound 
of formula la w^h^ein R is ethyl, X is C(H)OH), Y is H and — Cc— — is 



CH3 

13,i?-ethyl-17«-hydroxy-6-methyi-18,19-dinoTpregna-4,6-diene-3,20-dione and^the 
17«-acetate ester thereof, i.e. compounds of formula la wherein R is ethyl, X is C— O, 
Y is OH or OCOCH3, respectively, and — Q— C; — is 



CI 

13j&"etfavl-6-chioro-18,19-dinorpregna-4,6-dien-3-on-20-ol acetate, a compound of 
formula la wherein R is ethyl, X is C(H)OCOCH„ Y is H and —Co— Cr— is 

ct 

13i8-ethyl-6«-cMoro-1849-dinorpregn-^-ene-3,20-dion-17«-ol achate, a co^^ 
of fonnula la wherein R is ethyl, X is C=0, Y is OCOCH,, and — G;— C7— is 



J 



CI 



15 



CHb 

13,5-etfayl-6a-chloro-18,19-dinoipregn-4-en-3-on-20£-ol acetate, a compound of 20 
fonnula la wherem R is ethyl, X is C(3EI)OCOCH3, Y is H and —C,—C~ is 
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13^-ediyl-6-chlorc>-185l9-dinorpregna-4,6-ilicne-3,20-dion-17«-ol acetate, a com- 
pound of formula la wherein R is ethyl, X is C=0, Y is OCOCH^ and — ( 



Ct 

13t^-ethyl-6-chloro-17«-hydroxy-18,19-dinorpregna-4,6-dienc-3,20-dione, a com- 
pound of formuln la wherein R is ethyl, X is C^O, Y is OH and — Q — — is 



compounds of formula lb : 



CI 




(lb) 



wherein R is alkyl of from 2 to 6 carbon atoms* and Y is H, OH or OCOR^ wherein 
R" is (lower)alkyl. 

13i^-e±yl-20^-hydroxy-6a;-methyl-18,19-dinorpregn-4-en-3-one, a compound of 
formula lb wherein R is ethyls X is C(H)OH and Y is H; 
compounds of formula Ic : 



10 




(IC) 



wherein R is alkyl of from 2 to 6 carbon atoms; X is C=0 or C(H)OH; and Y^ is OH 
or OCOR- wherein R- is (lower)alkyl; and 

13|P-ediyl-17-ff-hydroxy-6«-methyl-18,19-dinorpregn-4-ene-3,20-dione acetate, a 
compound of formula Ic wherein R is ethyl, X is C=0 and Y^ is OCOCH3. 

The compounds of formula I except the 6-methyIene compomds are valuable 
hormonally-acrive substances. They have been found to be active in standard 
pharmacological tests m laboratory animals such as mice, rats and rabbits, progrestation- 
ally and anti-estrogenically. They are more aaive than many known compoimds now 
used with these activities and, in addition^ posses?, a valuable separation of hormonal 
properties to a greater degree than many compounds presently used with these activities: 
Progestationally-actjve substances are used in cases of infertility and more specifically, 
but without limitation, to delay cstrus and ovulation in cattie, pigs, and dogs. Anti- 
estrogenically active compounds are administered to counter the effects due to an excess 
of estrogen, such as estrone and similar metrotropic agents. The instant compounds are 
also of value in that field of use known as microdose contraception. They have an anti- 
fertility effect at considerably lower levels of adiminstration than the levels used con- 
ventionaUy, e.g. 1 mg. to ICQ mg., on a daily basis. The 6-methyIene compounds of 
formula I are intermediates. 

The compounds of formula I of this invention can be prepared by a method com- 
prising: 

(a) hydrogenating, for example by exchange hydrogenation with a suitable organic 
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15 



hydrogen-donor, e.g. cyclohexane, in the presence of a catalyst, e.g. paUadium on 
carbon, a 6-methylene compound of formula II: 




— Y 



(I) 




wherein R, X and Y arc as hereinabove defined to give a compound of formula Id: 



(Id) 



wherein R, X and Y arc as herein above defined; . 
(b) rearraMine, for example by heating with a weak base, e.g. sodmm acetate, and a 
S.ble Sf Salyst, prefeVably a Pt or Pd catalyst, e.g. Pt or Pd/C, in an solvent, 
e.g eSSiol, a 6-methylene compound of formula II hereinabove to give the corrcs- 
ponding compound of formula le: 



10 




wherein R, X and Y are as hereinabove defined; • • -j 

(c) chlorinating or brominating. e.g. with N-cHorosuccinimide or N-bromosnccimmide, 

an end ester of formula III: 



R^COO 




15 



wherein R, X and Y are as above defined and is (lower)aIkyl, to give a compound of 
formula If: 




(If) 



wherein R, X, Y and are as above defined; 
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(d) direaly dehydrogenating, e.g. by heating with chloranil, a compound of fonnula If 
to give a compound of fonnula Ig : 




— Y 



(13) 



wherein R, Y and are as above defined; or preferably 

(e) reacting with a hydrogen halide, namely dry hydrogen chloride, hydrogen bromide 
or hydrogen fluoride an epoxide of formula IV : 




(W) 

wherein R, X and Y are as hereinabove defined^ to give a compound of formula Ih : 




10 wherein R^ X, Y and Z are as above defined^ 

(f) partially hydrolysing a compound of formula Ik: 



(Ih) 



10 



CH3 
R k 



R2cOO' 




(Ik) 



wherein Z^ is methyl, bromo or chloro, to give a compound of formula Ij : 
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wherein R, R- and — C,— C— are as defined in formula I hereinabove and ring B is 
saturated, with a 6-methyl, chloro or bromo substituentj 
(g) hydrolysing a compound of the formula In 




(Jn) 



CH,OH 



preferably with dilute mineral acid or an organic acid to give a compound of the formula 





wherein the groups R, X and Y are as defined above and W is an alkoxy group; 
(h) hydrolysing a compound of the formula 



(a) 



where K is a protected oxo group which in conjunction with "f?""?". . , t^n^ 
rf/nr B fndicS bv dotted lines is hydrolysable by add or a 4,5-ethylenic 3-ketone, 
on7x if Sove™ may be a prote^ed carbonyl or hydroxy-methylene group 

to ob^ "i^^tnt^io^l^ Jjor the corresponding 6^-methyl compound, or 

(i) isomerising a compound of formula 



(lo) 



wherein is methyl, «-chlora or 6-bromo to obtain a corresponding gon-4-en-3-one. 

The starting materials of formula In and intermediates therefor are described and 
claimed in our copending application 32415/71 (Serial No. 1277268) which is divided 
from the present application. , rr i 

The me±od of step (a)^ i.e. hydrogenadng a 6-methylene compound of formula 
II can be carried out by an exchange hydrogenation technique. In this method, for 
example, a mixture of the 6-methylene compound with about 3 parts by weight of cyclo- 
hexene and about 1/5 parts by weight of a catalyst, such as 5% palladium on carboiij 
is refluxed in absolute ethanol for about \ to about 4 hours. The product of formula Id 
is recovered by any standard technique. One useful method comprises adding ether. 
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filtering the mixture, adding- a trace of mineral acid and ev^orating off the solvent to 
leave the product as a residue. It may, if desired, be purified by recrystallisation from 
ether. 

The method of step (b), i.e. rearranging a 6-mcthylene compound of formula II 

5 can be carried out by treating it with a weak base in the presence of a catalyst, such as 5 

palladium on carbon and in an inert solvent, preferably at moderately elevated tem- 
peratures, e.g. 75 to lOO^C. In one manner of proceeding, the compound of formula 
II >is suspended in about 300 parts by weight of an alcohol, e.g. ethanol, and there is 
added about 0.5 parts by weight of sodium acetate and about 0.15 parts of 5% palladiimi 

10 on carbon. If the mixture is heated and refluxed for about 1 to 3 hours, rearrangement 10 

to the compound of formula Ic is substantially complete. This can be recovered in any 
conventional way but a convenient means is to cool the mixture^ dilute it with ether, 
filter it, wash with sanirated aqueous sodiiun bicarbonate, then with brine, dry over 
anhydrous sodium sulphate, and finally evaporate the solvents leaving the product as a 

15 residue. It may, if desired, be purified by recrystallisation from ether. 15 

A useful series of compounds outside the scope of this invention, namely, the 
13-polycarbonalkyl-6^t-methyl-18,19-dinorprcgn-4-ene-3,20-dioneSj can be prepared by 
treating the corresponding compounds of formula Id wherein R is polycarbonalkyl, X 
is CH(OH) and Y is H with a standard oxidising agent, e.g. the Jones reagent^ SN 

20 chromic acid, until conversion to a corresponding compound wherein X is C=0 is 20 

substantially complete, and recovering said compound, which has valuable progesta- 
tional and anti-estrogenic properties. 

Starting materials of formula II hereinabove may be obtained for example accord- 
ing to one of the pathways outlined as follows. 

25 In the first, a 13-alkyl-20-hydroxy-3-alkaxy-18,19-dinorpregna-2^(10)-diene (V) 25 

is subjected to a Vilsmeier reaction (POCI3 in dimethylforamide) to obtain the corres- 
ponding 13-alkyl-6-formyl-20-hydroxy-3-alkoxy-18,19-dinorpregna-3,5(6)diene 20-for- 
mate (VI). Compound VI is hydrolysed, as with potassium hydroxide in methanolj to 
the corresponding alcohol (VII) which, on treatment with a metal hydride reducing 

30 agent, e.g. sodium borohydride in methanol mixed with tetrahydrofuran, affords the 30 

13-alkyl-20-hydroxy-6-hydroxymethyl-3-alkoxy-18,19-dinorpregna-3,5(6)-diene (VIII). 
Treatment of compound VIII with acid, e.g. a mineral acid such as dilute methanolic 
H2SO4, conveniently at about 25^C results in hydrolysis of the enol ether and con- 
comitant elimination of water to give the 13-alkyl-20-hydroxy-6-methylene-18,19- 

35 dinorpregn-4-en-3-one of formula Ila (R is as hereinabove defined and X is CQl)OII) : 35 
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CH3 

H2SO4/H2O R c(h)oh 
MeOH 




wherein «DMF" is dimethylformamide and "THF" is tetrahydrofuran. In the above 
SSSe the 3-aUcoxy group is conveniently a methoxy group but other alkoxy groups 
Z^ h. used and this route provides access to the 3-alkoxT compounds Im 

5 and In rcorresponding to compound VIII of the above scheme). , „ , „ ^ . 

5 ^^Sr/Snd, L starting material, a l3./5-alkyl-17«-hydroxy-I8,19-dmo^^^^^ 

4-ene-3,20-dione is treated with an acylating agent, e.g. ^ceuc .^Mnde and a t^^^^^ 
of perdiloric acid in ethyl acetate, to obtam die corresponding 13^-alkyl-3,17-di- 
hvdroxy-18,19-dinorpregna-3,5-dien-20-one diacylate e.g. diacetate, which is tJien 

10 rS vith a baseTe-g niethanoHc potassium hydroxide in tetrahydrofuran, to ob am 10 
S SiSsponding 13VaIkyl-17-hydroxy-1849-dinoipregn-4-ene-3,20-dione aq'late 
ft a^Strwhich in mm is reacted with methyl orthofoimate in dioxane containing 
;5oteuiphonic acid to produce the corresponding 

methoxy-18,19-dinorpregna-3,5-dien-20-one acylate e.g. acetate which JJ^ »s 
15 SyScd ^vith phosphorus oxychloride in dimethylformamide and f^y^^"^ *f J^"-;^ 
to produce the corresponding 13.'3-alkyl-6-formyl-17..-hydroxy-3-metho^^^^ 
preiia-3,5-dien-20-one acylate e.g. acetate, which is reduced with if^^.^^^^ 
fri-rbutoxy-hydride in tetrahydrofuran to the corresponding 13.'5-alkyl-17«-hydroxT- 
6%droxyiied^yl-3.methoxy-18,19-dinorpregna-3,5-dien-20-one acylate e.g acetate 
20 and treaWent of this with oxalic acid in methanol and water produces the 20 
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desired 13^-alkyl-17rt-hydroxy-6-methylene-3-methoxy-18,19-dinoipregn-4-eiie-3320- 
dione acylate e.g.,, acetate, according to the following sequence: 




CH3 



HC 104/ 
tthyl 
acetate 




MeOF 

dtoxane/ 
p-TSA ^ 

P0Ct3/DMF/ 
etbyJene 
dfchforicfe 
CH3 

r"0C0CH3 




— 0COCH5 



KOH/MeOH/THF 



---OCOCHj 



CH3O 




LtAl(0-Ha)3K 




-OCOCH3 




Oxalic acid/ 
methanc/water 



wherein R is as hereinabove defined, "THF" is tetrahydrofuran, **p-TSA" is p-toluene- 
5 sulphonic acid and "McOF" is methyl orthofoxmate. Of cxinrsc other alkylating agents 

may be tised in place of "MeoF". 

The method of step (c), i.e. chlorinating an enol ester of formula III with a re- 
agent such as N-chlorosuccinimide or N-bromosuccinimide, can be carried out by 
adding the enol ester to about 30 parts of a (4 : 1) mixture of acetone, and water, which 
10 contains about 0.7 parts of sodium acetate and 0.7 parts of glacial acetic add per part 

by weight of enol ester. The mixture then is cooled to about 5°C and there is added 
about 6 to 8 parts of N-chlorosuccinimide per part by weight of enol ester. The 
formation of the product of formula If is complete in about 1 to about 4 hours and it 
can be recovered by diluting the reaction mixture with water, then extracting with ether 
15 and evaporating to dryness leaving compound If as a residue. If, instead of N-chloro- 

succinimide, N-bromosuccinimide is used, there is obtained the corresponding 6-bromo 
compound of formula If. 



10 
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Starting materials of formula III hereinabove may be prepared from an enol ether 
of formula Vb: 




rwherein R, X and Y are as above defined), by acid hydrolysis, e.g. with methanol: 

K concentrated HCl: water 90: 6:4, or of the cTclic 20-ethylene kctal corresponding to 

the compound of formula Vb where X is C-O; by acylating with an acid anhydride, 
preferably acetic anhydride in the presence of a trace of perchloric acid and a sub- 
stantial amount of ethyl acetate. The aq^ating reaaion is quite rapid, being sub- 
stantially complete in about 15—20 minutes. Treatment with enough aqueous sodium 

10 bicarbonate to destroy excess acetic anhydride and evaporarion of the organic layer to 
dryness, provides Compound III as a residue. ^ . r t rr 

The method of step (d), i.e. dehydrogenation of a compound of formula If to 
introduce a double bond between C, and C, can be carried out with a reagent such as 
chloranil. In one manner of proceeding, compound If can be suspended m 25 parts by 

IS weight of a solvent, such as ethvl acetate, containing about 5 parts by weight of acenc 
add and about 2 parts by weight of chloranil per part by weight of If is added. If the 
mixture is refluxed under nitrogen for about 24 hours, conversion to compound Ig is 
substantially complete and it may be recovered, for example, by cooling the mixture, 
washing it with 10% sodium hydroxide solution, then with bnne, dr>ang it over 

90 anhydrous sodium sulphate and, finally, evaporating to dr^^ness, leaving Ig as a residue. 

' The method of step Ce), i.e. treatment of the epoxide of formula IV with a halogen 
add to provide the 6-halo-4,6-dicne of formula Ih can be carried out widi dry hydro- 
halic adds. In one manner of proceeding, the epoxide (IV) can be suspended m about 
50 pans by weight of gladal acetic add. The mixture is cooled to about the freezing 

25 point of giadal acetic add, 16.6^C, and a slow stream of gaseous hydrogen chloride, 
hydrogen bromide or hydrogen fluoride is passed through. After about 2 to 6 hours, the 
formation of the compound of formula Ih is substantially complete and the product can, 
for example, be recovered bv pouring the mixture into ice water and extraaing with a 
water-immiscible solvent, such as a mixnire of 10: 1 benzene and ether. The organic 

30 layer is washed free of add, e.g. with dilute sodium bicarbonate, dried and evaporated 
to leave compound Ih as a residue. 

Starring materials of fonnula IV hereinabove, the epoxides, may be prepared by 
halogen elimination in the 6-chloro or -bromo compound of formula If, to provide the 
4,6-diene (IX) followed by epoxidation thereof to provide compound IV according to 

35 the following: 




DMF or 

I pyridine 



It- 



peracid 




10 



15 



20 



25 



30 



35 



whei«in R, X, Y and are as hereinabove defined and "DMF" is dimethylformamide. 
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The dehalogcnation is accomplished^ for example, by suspending compound If in about 
50 parts by weight of dimediylfoimamidc or pyridine and adding about 3 parts by 
weight of calcium carbonate based on parts by weight of If. Refluxing under nitrogen 
for about 1 hour, filtering off the solid, pouring the filtrate into water, extracdng with 

5 ether and evaporation of the erher leaves the 4,6-diene IX as a residue. This is 5 

epoxidised, for example, by suspending it in about 50 parts by weight of chloroform 
and treating the mixture with 1 part by weight of a peracid, such as perbenzoic and/or 
preferably monoperphthalic acid, per part by weight of IX, for about 48 hours at about 
22°C. The epoxide IV is then recovered, for example, by washing rhe organic phase 

10 with saturated sodium bicarbonate, then with brine, drying it over sodium sulphate and 10 

evaporating the solvent to leave IV as a residue. 

The partial hydrolysis step (f) may be carried out with dilute alkali metal 
hydroxide, such as potassium hydroxide in methanol e.g. 2% methanolic potassium 
hydroxide. 

15 The compound of formula Ik may be obtained by acylation of a compound of 15 

formula li (wherein R, is defined above) and Q— C7 is as defined in connection widi 
formula I but havmg a saturated ring B nad excluding 6-methylene compounds with 
a reagent of the formulae (R-^CO)oO or R"COCl or, preferably, a mixture thereof in 
the presence of an acid binding agent, e.g. an organic base such as dimethylaailiiie, 
N-methyl-morpholine or, preferably, pyridine, after processes being carried out if 20 
required to obtain the desired substituent at the 20-position. 

CH3 

R C^O 
— OH 



20 




(lO 

The method of step (f), i.e. selectively hydrolj^sing a compoimd of formula Ik 
including preparation of the diacylate intermediate, is preferably carried out stepwise, 

25 first with an appropriate acyl anhydride, e.g. acetic anhydride, or an acyl halide, e.g. 25 

acetyl chloride or acetyl bromide, or preferably mixtures thereof, in the presence of an 
acid binding agent, such as an organic base, preferably pyridine, to form the corres- 
ponding enol ester 17<i-acylate. In one manner of proceeding, compound li is treated 
with an excess of acetic anhydride and acetyl chloride in pyridine and the mixture is 

30 warmed to about 50— 75^C for a few minutes then kept at about 23 °C for about 67 30 

hours. The enol ester is recovered by pouring the mixture into a large volume of water 
and exu acting the organic layer with ether; washing, drying and evaporating the ether 
leavesj the enol ester as a residue. This is selecuvdy hydrolysed with a dilute base. In 
one manner of proceeding, the enol acetate is suspended in 2% methanolic potassium 

35 hydroxide and the mixture is stirred at O^C until partial hydrolysis is substantially 35 
complete. Cooling and neutralising the reaction mixture, evaporating to dryness, 
extracting the residue with ether and evaporating the ether, leaves compound Ij as a 
residue. 

Compounds of formula I may be interconvcrted to other compounds of formula I 
40 by effecting changes in the substituent at the 20-position. Thus a compound of the 40 

partial formula 



— Y 




may be selectively oxidised to a compound of the partial formula 




12 



35 



40 



45 
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wherein R and Y arc as defined above; and a compound of the partial formula 



R chocor' 



12 




may be selecrively hydrolysed to give a compound of the partial formula 




Y 



5 "^"^ll^^ out with Jones reagent wh^re Y is hydrogen 

-°s"crpo^^/ss^^^^^^^ ^- 

""""^"Wnrra^riai for all of the above-mentioned compounds can be made by 10 
1« varioufSol^Sf SclLdTng hydrogenaf n of a corresponding l^-en^^ to g.^^^^^^ 

gTotr^n ethyl^an'^rdUid S ^Jn^po'unis' analogous t'o those described in 
U K Specification 1115,635. They may be made by applying, in earlier steps, nKthod 

^^fT^^ "^js'i^^^^ I'^^tkz^r-rS^t , 

wilt'^S.i^^'? eS^^^^^^ Hartley, Herbst Jansen L«dig, 20 

2" Scfouehl^ McMena&atti Rees, Siddall, Suida, L. SmiA. ToM.« 

^\S„!!%n TrT-pm Soc 1964 4472—4492. If starting materials are the product 

hnrmone estrone The corresponding enantiomorphs are consequently designated the 
?f^s arrriie icemTterthe Amis. The structural formulas show only the 
SSLo^hs of the d Snfigui^tion but it will of course be understood that the race- 

"ni,e S?Sd"?mj^:a^"ranses used in carrjdng out the above mendoned 35 
nrocesS ^not^articutarly critical ^d, as will be readily apparent to those skiUed m 
^ be sdeaed to 'carry out the reaction in minimum of time ^I'ho^l"^^ 
difficultv Thus reaction temperatures below those exemplified can be used, but then 
SSon time fe ex^ded^ On ti»e other hand, reaction temperatures higher^ 
SosHSmplified can be used with a concomitant decrease m reaction time, although 40 
Duritv of die product may be somewhat decreased. ^ »i, /: ™„»i„,i»n.. 

^ As is motioned hereinabove, the compounds of formula I except the 6-methylene 
comptL^ds h^^pragestational and anti-estrogenic activity, and they are ?ko us^ to 
or^arrCTmPounds with these activities. The progestational activity is illustrated by 

XmSo^cal tests in warm-blooded lower animals. In one such tes^ 45 
cSS^say, immature female i^bits are primed ^vith «««d.oI-17.^ for six .^3^ 
The p^fmed rabbits then r«:eive graded doses of the compound da»ly/or five daj^ 
beforfaSLpsy on the sixth. Progestational activig; is assessed by histological eyal^aon 
S uterine glandular proUferation acconiing to Elton and Edgren, Endocrinology, 63, 
464—472 fl958:) The anri-estro?enic activity also is illustrated by standard 50 
phaii^cological tests in warm-blooded lower animals. In one such test, die estrogen 
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antagonist-mouse uterine growth assay, 100 jug., of estriol is administered simultaneously 
with graded doses of the test compound over three days. At autopsy on day four, the 
uteri are removed and weighed. Active materials inhibit the metrotropic effect of 
estriol, as illustrated by Edgren and Calhoun, Expcrientia, 16, 188 (I960). 

5 The products of formula I of this invention except the 6-methylene compounds 5 

can be used for the above pharmacological purposes in association with a non-toxic 
carrier. They can be formulated in liquid or soHd forms, for instance as capsules, 
tablets, suppositories, powders, dispersible granules or catchers, by combining them 
with conventional carriers. Such conventional carriers include magnesitmi carbonate or 

10 stcarate, talc, sugar, lactose, pectin, dextrin^ starch, gelatin, tragacanth, meth}^! cellulose, 10 

sodium carboxymethyl cellulose, low melting wax and cocoa butter. Diluents, flavour- 
ing agents, solubilisers, lubricants, suspending agents, binders or tablet-disintegrating 
agents can be used. Powders or tablets preferably contain 5 or 10 to 99% of the active 
constituent. The active steroid can be formulated with an encapsulating material with 

15 or without other carriers. 15 
Liquid preparations such as solutions, suspensions or emulsions can also be used. 
Such preparations include dispersions in a non-toxic carrier such as arachis oil or 
sterile water, preferably containing a nonionic surface active agent such as fatty acid 
esters of polyhydroxy compounds, e.g. sorbitan, aqueous starch in sodium carboxy- 

20 methyl odlulose solutions, aqueous propylene glycol or polyethylene glycol. Thus a 20 
water-propylene glycol solution can be used for parenteral injection and aqueous sus- 
pensions smtable for oral use can be made by utilising natural or syntehtic gums, resins, 
methyl cellulose or other well known suspending agents. 

The composition can be administered to the warm-blooded lower animals in unit 

25 dose form in which the dose unit is for instance from about 0.1 to about 200 mg. of 25 

each active steroid. The imit dose form can be a packaged composition^ e.g. packeted 
powder, vials, or ampules or, for example, in the form of capsules, cachets or tablets or 
any number of these in packaged form. The compositions can also consist substantially 
solely of the active steroid when this is in unit dose form. When used for the purposes 

30 stated above, the dosage of the compounds will vary with the conditions being treated, 30 
but in general will be in the range established for progesterone (Merck Index. Seventh 
Edition, p.856 (I960)). 

Descmption of the Preferred Embodi?nenis : — ^The following examples are given 
by way of illustration and are not to be construed as limitations of this invention, 

35 variations of which are possible without departing from the scope thereof. 35 

Example 1 

13jf5-Ethyl-20f-hydroxy-6rt-methyl-18,19-dinorpregn-4-en-3-one 

(a) /?/-13;^-Ethyl-6-formyl-3-methoxy-18,19-dinorpregna-3,5-dien-20-ol formate:— To 
a solution of distilled dimethylformamide (0.65 g.) in distilled ethylene dichloride 

40 1.0 ml.) at O^C is added a solution of distilled phosphorus oxychloride (0.69 g.) in 40 

ethylene dichloride (3.0 ml.) over 30 minutes. After stirring an additional 10 minutes 
at 0°C, pyridine (1 drop) is added and then a solution of JM3ti5-e£hyI-3-methoxy- 
18,19-dinorpregna-2,5(10)-dien-20^ol (0.66 g.) in ethylene dichloride (10 ml.) con- 
taining pyridine (100 mg.) is added all at once. After stirring the red solution at O^C 

45 for 1 hours a solution of sodium acetate (4.0 g.) in water (40 mi.) is added and the 45 
mixture is stirred vigorously for 10 minutes. The mixture is poured into water, ex- 
tracted with ether, die organic layer washed with water tmtil the washings are colour- 
less, dried over anhydmus sodium sulphate and stripped in vacuo. Trituration of the 
residue with methanol affords 0.34 g. of yellow-coloured product; m.p. 175 — I82*^C, 

50 (softening from 170^C); A^^^^ 5.84, 6.07, 6.24 /x^A ^^220 m,u (« 7,700), 321 m^t 50 
(e 14,800). 

(b) ^-13;^f-Ethyl-6-formyl-3-mcthoxy-18,19-dinorpregna-3,5-dien-20^-ol: — ^To a solu- 
tion of ^/-I3i^-ethyl-6-formyl-3-methoxy-18,19-dinorprcgna-3,5-dien-20-4ol formate 
(2.65 g.) in tetrahydrofuran (100 ml.) under nitrogen at abotit 23 °C is added all at 

55 once a solution of potassium hydroxide (1.35 g.) in methanol (100 ml.). Stirring at 55 
room temperature is continued for 30 minutes, the mixture is poured into saturated 
aqueous sodium bicarbonate and extracted with benzene. The benzene extracts arc 
washed with water, dried over anhydrous sodium sulphate and stripped in vaciio. 
Trituration of the residue with ether affords 1.41 g. of yellow coloured product; 

^ .m.p. 185-191oa A^^ 3.03, 6.07, 6.24 ^; A ^^220 (e 9,400), 322 
(€ 15,400). 
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a olT™ meLiSl (20 ml) and tctrahydrofur.n (20 ml. at room^^P^^^.g 
added so^Jborohydride (250 mg.) all at once The mature is ^nnred at atout 2^^^ C 
for 1 5 minutes poured into water and extraaed with ben2ene. The orgamc layer is 
wished 3 water brine, dried over anhydrous sodium sulphate and stnpped m vacuo. 
TSSon rthe residue with e*er affords 0.45 g. of colourless product; m.p. 
128-133°C; A 3.04, 6.11, 6.21 A ^^^^25Q m.u {e 17,800). 
rA\ rf/-n/?-EthvWOf-hydroxy-6-mcdiylene-18,19-dinorpregn-4-en-3-one:— To 
^ed lu^- r M/cd.ylWox>™et^^^ 

?n' nk OOO me) in methanol (1.0 ml.) at room temperature is added a trace of 8N 
f liic add si^rocc^ immediately on adding the acid, and repreapitation 
Tcc^rT^ter i ^rirs After 5 minutes dJe precipitate is filtered givmg 40 mg. of 
colourless product; m.p. 160-165"C and 215-222^0; A ^ J 2.96, 6.04, 
6.18, 6.30 y.;AEtOH 265 m.u (e 11,300). 

(e> rf/-13.fi-Ethyl-20i-hydroxy-6a-mcdiyl-18,19-dinorpregn-4-en-3-one : -A 
oi i/-13i?-eTyi20£Vdroxy-6-methylene-18,19-dinorp«gn-4-^ (650 mg. , 

1 t n 0^ ml \\ryA Pd/C (57 130 mg.) m absolute ethanol (32.5 ml.) is 
SSTr^fiS for 45 ™ is dllited with ether and fiUered through 

mSr aid A ™ of concentrated hydrochloric acid is added and the sdunon is 
^r^^i in vacuo. Recrystallisation of die soUd residue from ether affords 0 ^05 g. of 
colourless product; m.p. 162-168X; A 2.94, 6.05, 6.23 241 m.u 

Ce 14,800); NMR has 4H at 5.85 ppm. 17H at 3 78 ppm (triplet), 6or CH, at 1.18 
ppm ^doublet, J 2 cps) and 21 CH3 at 1.07 ppm (doublet, J c cps). 
Analysis: Calcd. for Co,H,,Oo: Q 79.95; H, 10.37. 
Found: C, 79.58; H, 10.24. 

Example 2 

13t/3-Ethyl-6«-methyl-18,19-dinorpregn-4-ene-3,20-dione 
To a solution of i/-13i5-ethyl-20^-hydroxy-6a-methyl-18,19-dinorpregn-4-en-3- 
r>n<> rioo m'^ in acetone (30 ml.) at Oo"C. is added dropwise over 5 minutes Jones re- 
SufSTdic^SifaSS ml.). Stirring at 0°C is continued for 10 more mmu^s 
afd eiSs iSp^panol is added. The mixture is diluted 

fi1t<>rnid washed with saturated aqueous sodium bicarbonate, bnne, dried over 
S^hate and stripped f» .^m The solid ^j^ue .s ^stal^s^ 
from ether giving 0.37 g. of off-white coloured product, m.p. 
143-146°C; A^^r 5.9O, 6.00, 6.24 ^^^^241 m.u (c 15,900); NMR has 4 H at 

1.09 ppm (doublet, J 6 cps). ^ „^ ., . „ „ 
Analysis: Calcd. for Q-HjiOa : Q 80.44; H, 9.53. 
Found: C, 80.61; H, 9.33. 

Example 3 

13/9-Ethvl-20A.hydroxy-6-methyl-18,19-dinorpregna-4,6-dien-3-one 
A mixture of J/-13/3-ethyl-20S-hydroxy-6-methyIene48,19-dmorpregn-4-m-3- 
one (lOO^soSium acetate (50 mg.)'and Pi/C (5%, 15 mg.) m absolute ediand 
(30 ill ) is hekted at reflux for IJ hours. The mixture is cooled to about 23<^C, diluted 
SretiiS, ffltered through filter-aid, washed m± samrated .aqu«)us s^jum bi- 
^Aonate, brine, dried over anhydrous sodium sulphate and s npped in vacuo. The 
Sw SueTs Wtallised from ether giving 22 mg. of colourless produa; m.p. 
204-205°C; A^'2.91, 6.05, 6.18, 6.31 p.; A ^^^390 ran (e 22,800); NMR has 
vinyl protons at^3 ppm and 6.03 ppm, 17H at 3.75 ppm, 6 CH, at 1.80 ppm and 
21 CHs at 1.12 ppm (doublet, J 5.5 cps). 



Example 4 



13e-Ethvi-17«.-hydroxy-6a-methvl-18,19.dinorpregn-4-ene-3,20-dione acetate 
(a) rfZ:i3/SLEthyl-347-dihydroxy-18,19-dinorpregna-3,5-dien-20-one d'acetate:— A 
soution of d7-13i/?-ethyl-17.hydroxy-18,19-dinorpiegn-4-ene-3,20-dione (l.ia 
ediyl aatete (10 ml.) containing acetic anhydride (11.2 ml.) and perchlonc aad (0.011 
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ml.) is stirred at room temperature for 5 minutes. The resulting yellow solution is 
diluted with ether, washed with saturated aqueous sodium bicarhonate, brine, dried over 
anhydrous sodium sulphate and stripped in vacuo. Cr>^stallisaiion of the gummy residue 

from methanol gives 1.03 g. of colourless product; m.p. 182 — 191^C; x^^\ SJl, 5.80, 

XTIUX 
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5.89, 6.01 and no hydroxy] absorption; ^^^^^^^^234 m« (e 17,600); NMR has vinyl 

protons at 5.47 ppm and 5.76 ppm, two acetate methyls at 2.11 ppm and C.>i methyl 
at 2,09 ppm. 

(b) £?/-13i/?-Ethyl-17-t-h3^droxy-18,19-dinorpregn-4-ene-3,20-dione acetate : — ^To a 
solution of ^M3,^?-ethyl-3,17-dihydroxy-18,19-dinorpregna-3,5-dicn-20-one diacetate 
(5.40 g.) in tetrahydrofuran (108 ml.) and methanol (108 ml.) is added under nitrogen 
at 0°C a 2% solution of potassium hydroxide in methanol (108 ml.). Stirring at 0=*C 
is continued for 25 minutes. The mixture is poured into saturated aqueous sodium bi- 
carbonate extracted with ether, and the organic layer washed with water, brine, dried 
over anhydrous sodium sulphate and stripped in vacuo, giving a colourless solid. Re- 
crystallisation from ethyl acctate/hexane gives 4.22 g. of co'lourless product, m.p. 

192— 194=^C; A^Jj 5.80, 5.84, 6.01, 6.22. 
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(c) dl ' 13ip - Ethyl - 17« - hydroxy - 3 - methoxy - 18,19 - dinorpregna - 3,5 - dien - 
20 - one acetate: — To a suspension of dl - 13-/? - ethyl - 17 - hydroxy - 18,19 - 
dinorpregn - 4 - cne - 3,20 - dione acexate (3.0 g.) in dioxane (15,9 ml.) at room tem- 

20 perature is added methyl orthoformate (4.0 ml.) and a solution containing p-toluene- 20 

siilphonic add (0.16 g.) and methanol (0.36 ml.) in dioxane (1.75 ml.). The steroid 
dissolves after stirring 5 minutes and stirring is continued for another 55 minutes. 
Pyridine (8.5 ml.) is added and the mixture diluted with ether. Washing with water, 
brine, di^^ing over anhydrous soditim sulphate and stripping in vacuo gives a gum. 
Crystallisation from methanol containing a trace of pyridine gives 1.81 g. of colourless 

product; m.p. 153— 166°C; A^^^' 5.79, 5.83 (shoulder), 6.06, 6.15. 

(d) dl - 13i/? - Ethyl - 6 - formyl - lice - hydroxy - 3 - methoxy - 18,19 - dinorpregna - 
3,5 - dien - 20 - one acetate: — To a solution of distilled dimethyl-formamide (7.25 
ml.) and distilled ethylene dichloride (3.0 ml.) at 0°C is added a solution of distilled 
phosphorus oxychloride (1.50 g.) in ethjdene dichloride (9.0 ml.) over 30 minutes. After 
stirring an additional 10 minutes at O^C, pyridine (1 drop) is added and a solution of 
dl - ISiP - ethyl - 17« - hydroxy - 3 - methoxy - 18,19 - dinorpregna - 3,5 - dien - 
20 - one acetate (1.70 g.) in ethylene dichloride (27 ml.) containing pyridine (15 drops) 
IS added aU at once. After stirring the red solution at 0°C for 1 hour a solution of 
sodium acetate (12.0 g.)' in water (125 ml.) is added and the mixture stirred vigorously 
for 10 minutes. The mixture is extracted with ethyl acetate. The organic layer is 
washed with saturated aqueous sodium bicarbonate, water until the washings are colour- 
less, dried over anhydrous sodium sulphate and stripped in vacuo. Trituration of the 
resulting gum v^ith ether/hexane gives 1.29 g. of yellow coloured product; m.p; 

40 182— 187°C; A 5.78, 5.83, 6.02, 6,19 (very strong), 6.28 (shoulder), 6.40 40 

(shoulder); 220 mju (e 9,400), 322 mjx (e 15,800). 

(e) dl - ISfi - Ethyl - 17« - hydroxy - 6 - hydroxymethyl - 3 - methoxy - 18,19 - 
dinorpregna - 3,5 - dien - 20 - one acetate: — ^To a solution of dl - 13;^^ - ethyl - 6- 
formyl - 17 - hydroxy - 3 - medioxy - 18,19 - dinorpregna - 3,5 - dien - 20 - one 

45 acetate (1.0 g.) in tetrahydrofuran (20 ml.) imder nitrogen at room temperature is 45 

added a solution of lithium tri-t-butoxyaluminium hydride (1.24 g.) in tetrahydrofuran 
(20 ml.). The mixture is stirred for 20 minutes at room temperature and poured into 
ice-water. Dilution with ether, washing the organic layer witii saturated aqueous sodium 
bicarbonate, brine, drying over anhydrous sodium sulphate and stripping in vacuo gives 

50 a gum. Crystallisation from ether/hexane affords 0.78 g. of product; m.p. 50 

157— 1620C; A^ 2.90, 5.80, 5.88, 6.12 and 6.22 j,; 248 m^u (e 18,700). 

(f) dl - 13fi - Ethyl - 17>q: - hydroxy - 6 - methylene - 18,19 - dinorpregn - 4 - ene - 
3,20 - dione acetate: — ^To a solution of dl - 13[0 - ethyl - 17 - hydroxy - 6 - hydroxy - 
mediyl - 3 - methoxy - 18,19 - dinorpr^a - 3,5 - dien - 20 - one acetate (0.73 g) 

55 and oxalic add dihydrate (0.73 g.) in methanol (73 ml.) is added water (30 ml.) at 55 

room temperature. After 5 minutes a precipitate begins to form. After 45 minutes at 
room temperature the mixture is poured into saturated aqueous sodium bicarbonate, 
extracted with ether, the extract washed with brine, dried over anhydrous sodium 
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sulphate and stripped in vacuo. The residue is truuraicu w.u. — '"-7" 
0.53 g. of product; m.p. 22^252'-C (turns brown); X^^^ 5.80, 5.88, 6.00, 6.19, 

6.29, 10.93 p.; A 266 m... (« 10,900). 

r^l - 13/? - EtK - 17« - hydroxT - 6.. - methyl - 18,19 - dinorpreg.i - 4 - cnc - 
?7n dione acftSe ■ -Ustng the same condiiions as for Example 1, step (e), the com- 
po^2>d of durS^ple, Sep rf) is converted to the title compound wh.ch had m.p. 
160-1 63^C: A 5.80, 5.84 (shoulder), 6.01, 6.22 A 240 m,.. 



Analysis : Calcd. for Q^H^.O^ : C, 74.57; H, 8.7. 
Found: Q 74.27; H, 8.65. 



Example 5 

/i-13i?-Ethvl-17«-hvdroxy-6-methvl-18,19-dinorpregna-4,6-diene-3,20-dione 
4o\i^£r^^ iS.d^^ ior Example 3, J-13.6'-ethyl-17«-hy-droxy-6-methylcne- 
18,19-dinoipregn-4-ene-3,20-dione is convened to the title compound. 



Example 6 

15 i3,S-Ethyl-6«-chloro-18,19.dinorpregn-4-en-3-on-20i-ol acetate and 15 

'l3.githyl-6«-bromo-18a9-dinorpregn-4-en-3-on-20-ol acetate 
fa^ J/ - 13/? - Ethyl - 18,19 - dinoipregna - 3,5(6) - diene - 3,20 - ^lol - 3,20 - di 
Sme:i3/ - 13/- Ethyl - 3 - medioxj- - 18,19 - ^-^^^^'^''^^ 90 
7nc oi is hvdrolvsed in a mixture of methanol: concentrated HCl. water, 
20 r2i>ec,?idv (50 ml.) for one hour with stirring. The product filt^ed off directly ^d 20 
SS wiLWr. After drying, the crude dl - 13,/? - ethy-^ •- 18,19 - dinorpregn - 4 - 
en - 3 - on - 20£ - ol (0.75 g.) has m.p. 170-175OC, A ^^^2^2 (. 14,400). IR shows 



^iS mtiri^-is suspended in a mixture of/-tic anhydride (4.8 mL^^^^^^^^^ 
u-i ml % and 70V tserchloric acid (0.01 ml.) and stirred for 15—20 minutes, ine excess 
icetif ai^S^de is'liestroyed by shaking with saturated sodium bicarbonate solution 
and the organic layer evaporated giving the title product. 

rb) ^fi - lie - Ethyl - 6n - chloro - 18,19 - dinorpregn - 4 - en - 3 - on - 20c, 01 
State— S - 13 - Ethyl - 18,19 - dinoipregna - 3,5(6) - diene - 3,20 - diol 3,20 - 
SSte (f g) is'added \o a mixture of acTtone (23 ml.) ^ t^^^^ 

(0.7 g.) a^d acetic acid (0.7 ml. . The mixture is coolai to 5°C, 
8.3 iii N-chlorosucciniiiiide. After V, hours water f^ded and tfie P^^^^^^ 
widTether. The organic layer is evaporated and die produc obtained as a residuj 
fc) 13tf-Ediyl-6a-bromo-18,19-dinorpregn-4-en-3-on-20^-ol acetate.— The Pro<^f3 
SVep (b)is r^eated substituting N-bromosuccinimide for the chloro compound and 
the named product is obtained. 



Example 7 
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13/?-E±yl-6-chloro-18,19-dinorpregna-4,6-dien-3-on-2(^-ol acetate and 20-alcohoI 
ra-) <f/-13ie-Ethvl-18,19-dinorpregna-4,6-dien-3-on-20g-ol acetate:— The product of 
40 Example 6 S (c) s reflu^ m dimethylformamide (50 ml.) with 3 g. of calaum 40 
Swte LThiui under nitrogen. The soUd is filtered off and htaate pour^mto 
water and extracted with ether. Evaporation of Ae solvent gives t^ o k co™^^^ 
rb^ /fZ-13ie-Ethvl-18,19-dinor-6a,7t«-oxidopregn.-4-en-3-on-20;--ol acerate. —13,y-ttnyi 
Sl9Uioire^a-4,6-dien-3-on-20^-^^ aerate (1 g.) in chlorofoim (50 ml.) .s trejrted 
vrith mono^hthalic acid (24 ml. of 0.67 M) for 48 hours at room temperanjre. The 45 
Ssanic ph^ is vi^hed wriih saturated sodium bicarbonate dien bnne, and dried over 
sodium sulphate. Evaporation of the solvent gives the title compound, 
(c) rf/-13|.ff-Etiiyl-6-chloro-18,19-dinorpregna-4,6-dien-3H)n-20-ol and 20- 

dcoho : -ifl-13iEthyl-18,19-dinor-6a,7«-oxidopregn-4-en-3^^^^^^ (1 gO, 

SWended in glacial acetic acid (50 ml.). A slow stream of dry hydrogen chlonde 50 
s S^d through the mixmre at a temperature close to the freezing point of acenc 
acid fl6 6°C). After 2—6 hours, the mixture is poured into ice water and extracted 
with benzene ether (10: 1). The organic layer is washed free from ^9,^' *f ^"^iX 
evaporated to give the title compound. Treatment of this material with 2% methanolic 
55 potassium hydroxide yields the corresponding alcohol at C— 20. » 
^ An atemaiive pWedure for preparation of die title compomid is to take he 
J/-13j5-ediyl-6a-chIoro-18,19-dinoipregn-4-en-3-on-20S-oI acerate of Example 6, step 
(b) (i g.) m ethyl acetate (25 ml.), acetic acid (5 ml.) and reflux widi chloranil (2 g.) 
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for 24 hours under nitrogen. The mixture is cooled, washed with sodium hydroxide 
solution (10%) then brine, and dried. Evaporation gives ifM3i&-ethyl-6-chloro-18,19- 
dinorpregna-4,6-dien-3-on-20-ol acetate. 

The procedure of this Example, step (c) is repeated substituting dry hydrogen 
5 bromide and hydrogen fluoride, respectively, for hydrogen chloride. There arc 5 

obtained i^M3,^-ethyl-6-bromo-18,19-dinorpregna-4,6-dicn-3-on-20g-ol acetate and 
20-alcohol; and (//-13;/3-ethyl-6-fluoro-18,19-dinorpregna-4,6-dien-3-on-205-ol acetate 
and 20-aicohoL 

Example 8 

10 13i/?-Ethyl-6n'-chloro-l 83l9-dinorpregn-4-ene-3,20-dione-17tft'-ol acetate lo 

(a) £?M3i.^-Ethyl-18,19-dinorpregna-3,5(6)-dien-20-fone-3,17o-diol diacetate: — Using 
the same conditions as for Example 6, step (a), £?M3i/?-ethyl-3-methoxy-18,19-dinor- 
pregna-2,5(10)Hdien-20-on-17«:-ol is converted to the title compound. 

(b) if/-13/:?-Ethy]-6c^-chloro-18,19-dinorpregn-4-en-3,20-dion-17o:-ol acetate: — ^Using 

15 the same conditions as for Example 6, step (b), £//-13i/^-cthyl- 1 8, 19-dinorpregna-3, 5(6)- 15 

dien-20-one-3,17ia-diol diacetate, is converted to the product. 



20 



Example 9 

1 3;,/?-EthyI-6-chloro- 18,1 9-dinorpregna-4, 6-dien-3,20-dion- 1 7tv-ol acetate, and 

17or-alcohol 

(a) ^fM3L^-Ethyl-18,19-dinorpregna-4,6-diene-3,20-dion-17a-ol acetate — The product 20 
of Example 8, step (b) is heated with dimethylfomiamide and calcium carbonate, 
according to the procedure of Example 7, step (a) and the named compound is obtained. 

(b) ^ di~l 3[/?-Ethyl- 1 8, 19-dinor-6ff,7o'-oxidopregn-4-ene-3,20-dion- 1 7^~ol, acetate : — 
Using the same conditions as for Example 7, step (b), tfM3)^-ethyI-18,19-dinorpregna - 

25 4,6-dien-3,20-dione-17in^ol, acetate* is converted to the title compound. 25 

(c) ^i/-13i^-Ethyl-6-chloro-18,19-dinorpregna-4,6-diene-3,20-dion-17ia-ol acetate and 
17«-alc(>hol: — Using the same conditions as for Example 7, step (c) J/-13j5-cthyl- 
18,19-dinor-6a,7«-oxidopregn-4-ene-3,20-dione-17a-ol acetate is converted to the title 
compound. The JZ-form had m.p. 198— 200°C; 5.78, 5.85, 5.99, 6.23, 6.31 

30 (shoulder)^ A 283 mjx (e 23,000). 30 

Analysis : Calcd. for QsHoc^ClO^ : C, 68.23 ; H, 7.22, CI, 8.76. 
Found: C, 68.60^ H, 6.56; CI, 8.79. 

Aitemative:Iy, using the conditions of the second method in Example 7, step (c), 
*^-13t/3-ethyl-6g-chloro-18,19-dinoipregn-4-ene-3,20-djone-17a-ol acetate is converted 
35 to the title compound. 35 

The 17-acetate group in the compound of this Example is hydrolysed with 2% 
methanoHc potassium hydroxide according to Example 7 and the 17a-alcohol is 
obtained. 

Similarly, following the procedure of Example 7, the corresponding tf-13j/&-ethyl- 
6-bromo-18,19-dinorpregna-4,6-diene-3,20-dion-17«-otl acetate and 17-alcohol and 40 
J-13i8-ethyl-6-fluoro-18,19-dinorpregna-4,6-diene-3,20-dion-17«-oI acetate and 17- 
alcohol are prepared. 



40 



Example 10 

The procedure of Example 1, step (e) is repeated, substituting for the 13;/?-ethyl- 
45 20g-hydroxy-6-methylene-18,19-dinorpregn-4-en-3-one, stoichiometrical amounts of 45 
the following cf-compounds : 
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CH..CHXH, 

CH;rCH=),CH. 

CH(CH3). 

CH=CH3 

CH.CIIj 

CILCH-. 

CH.CHr. 

CH.CH. 



C(H)OII 
C(H)OH 
C(PI)OH 
C('H)OH 

c=o 
c=o 
c=o 

C(H)OCOCHr. 



10 



There arc obtained the following rf-compounds : 



H 
H 
H 

OCOCHj 
OH 

OCOCH, 

0C0CH,CCH,),CH3 
H 



10 




— Y 



15 



20 



CH.CH2CH3 
CH,(CH,),CH3 

CH(CH3)2 
CH2CH3 

CH.CH:. 

CH.CH0 
CH0CH3 



X 

C(H)OH 

C(H)OH 

C(H)OH 

C(H)OH 

C=0 

C=0 

C=0 

C(H)OCOCH, 



H 
H 
H 

OCOCH, 
OH 

OCOCH3 

OCOCHiCCHjXCHj 
H 



15 



20 



25 



Example 11 . ^ . , 

The procedure of Example 3 is repeated substituting l^^f^^J^l^^^^^^f^ 
hydrox7-6-methylene-18,19-dinorpregn-4-en-3-one, stoichiometncal amoums^ of 
corresponding 6-methylene J-compounds of Example 10. There are obtained 
following ii-compounds: 



25 




30 



35 



R 

CH0CH2CH3 
CHnCCHaXCHj 
CH(CH3)2 
CH2CH, 

CH2CH3 
CH0CH3 
CH2CH3 



X 

C(H)OH 

C(H)OH 

C(H)OH 

C(H)OH 

C=0 

C=0 

C(H)0C0CH3 



H 
H 
H 

OCOCH3 
OCOCH, 

OCOCH2(CHo)4CHs 
H 



30 



By tie same procedure, 13^-eth>H-6-methyIene-1849f notpregn-4-ene-3,20-^^^^ is 
rearranged to 13.S-e±yl-6-methyl-18,19-dinoipregna-4,6-diene-3,20-dione. 



35 
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Example 12 

The procedure of Example 6 steps (b) and (c) are repeated, substituting for the 
13i/3-ethyl-185l9-dinorpreg:na-3,5(6)-dienc-3,20-diol 3,20-diacetate, stoichiometricai 
amounts of tlie following if-compounds : 



R^OCO 




10 



R 

CH0CH3 
CH2CH3 
CH.CH3 
CH2CH3 



X 


Y 




crH)ococH3 


H 




C(H)OCOCH3 


H 


CHa 


C(H)OCOCH,(CHo),CH3 


H 


CH2(CH2)4CH 


c=o 


H 


CH3 


CrH)OH 


OH 


CH3 


C(H)OCOCH3 


OCOCH3 


CH3 



10 



The following ^f-compounds are obtained : 



15 



20 



25 



30 




R 

CHoCH 2 dig 

CHo(CIl2)4 CIH3 

CH2CH3 
CH2CH3 
CH2CH3 
CH2CH3 
CH.CHs 
CHoCHj 
CH2CH3 
CH2CH3 

Example 13 

The procedure of Example 7, step (c), the chloranil dehydration, is repeated, sub- 
stituting for the 13ii^-ethyl-6ff-chlon>-18,19-dinarpregn-4-en-3-on-2Qg-ol acetate^ 
stoichiometricai amotmts of the products of Example 12. There are obtained the follow- 
ing J-compounds: 



X 


Y 


7} 


CH(H)OCOCH3 


H 


CI 


CfH)OCOCH3 


H 


Br 


C(H)OCOCH3 


H 


CI 


C(H)OCOCH3 


H 


Br 


C(H)OCOCH.(CH,).CH3 


H 


CI 


C(H)OCOCH2(CH2XCH3 


H 


Br 


c=o 


H 


CI 


c=o 


H 


Br 


C(H>OH 


OH 


CI 


C(H)OH 


OH 


Br 


C(H)OCOCH3 


OCOCH3 


CI 


C(H)OCOCH3 


OCOCH3 


Br 



15 



20 



25 



30 
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CH.CH.CHa 

CHoCHo CH3 

CH."(CH,),CH3 

CH.(CH,)^CH3 

CH.CH3 

CH.CH3 

CH.CH3 

CH.CHc 

CH2CH3 

CH,CH:i 

CH0CH3 

CH0CH3 
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X 



C(H)OCOCH3 

C(H)0C0CH3 

C(H)OCOCH3 

CXmOCOCHa 

C(H)OCOCH,(CH,),CH3 

C(H)OCOCH2(CH.XCH3 

c=o 
c=o 

C(H)OH 
C(H)OH 
C(H)OCOCH3 
C(H)0C0CH3 



y 


7} 


— 

H 


— 

CI 


H 


Br 


H 


CI 


H 


Br 


H 


CI 


H 


Br 


H 


CI 


H 


Br 


OH 


CI 


OH 


Br 


OCOCH, 


Ci 


OCOCH3 


Br 



iO 



15 



Example 14 . 

The procedure of Example 7, step (c), the opening of the 6or,7«-epoxide ring with 
hydrogen chloride, hydrogen bromide and hydrogen fluoride, is repeated, subsDtuting 
for 13jS-ethyl-lS,19-dinor-6«r,7«-oxidopregn-4-en-3-on-20^-ol acetate, stoichiometncal 
amounts of the following ^f-compounds : 



15 



20 



25 



CH0CH2 CH3 
CH2CCH,)^CH3 
CH2CH3 
CH2CH3 

CH2CH3 

CH2CH3 




C(H)OCOCH3 
C(H)OCOCH3 
C(H)OCOCH2(CHo)^CH3 

c=o 

C(H)OH 
C(HpCOCH3 



H 
H 
H 
H 
OH 

OCOCH3 



20 



25 



There are obtained the following J-compounds: 
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X 


y 


Z 


C(H)OCOCH3 
C(H)OCOCH3 


i-i 


CI 


H 


Br 


C(H)OCOCH3 


H 


F 


C(H)OCOCH:i 
C(H)OCOCH:i 


H 


CI 


H 


Br 


C(H)OCOCH3 
C(H)OCOCHo(CH.)^CH3 


H 


F 


H 


CI 


CCH)OCOChI(CHo)^CH3 


H 


Br 


C(H)OCOCH.(Ch4^CH<, 


H 


F 


c=o 


H 


CI 


c=o 


H 


Br 


c=o 


H 


F 


C(H)OH 


OH 


CI 


C(H)OH 


OH 


Br 


C(H)OH 


OH 


F 


C(H)OC0CH3 


OCOCH3 


CI 


C(H)OCOCH3 


OCOCH3 


Br 


C(H)OCOCH3 


OCOCH3 


F 



CH^jCH^CH, 
CHoCH 2CH3 
CH o CH oCH:^ 
5 CH,(CH,),CH, 
CH„(CH=XCH3 
CH;(CH,)4CH3 

CH::CH, 

CH-tCH 

10 CH^CHs C(H)OCOCH.(CH.);CH<, H F 10 

CHoCH. 
CH0CH3 
CH0CH3 
CHoCH 

15 CHoCH^ C(H)OH OH Br 15 

CH2CH3 
CH2CH3 
CH2CH3 
CH.CH3 

20 Example 15 20 

13;^-Erhyl-17«-hydroxy-6-methy'l-18,19-dinorpregna-4,6-diene-3520-dione acetate 

(a) dl ' 13 ' Ethyl - 17*^; - hydroxy - 6 - hydroxymethyl - 3 - medioxy - 18>19 - 
dinorpregna - 3,5 - dien - 20 - one acetate: — ^To a solution of dl - 13J3 - ethyl - 6 - 
formyj - 17a - hydroxy - 3 - methoxy - 18,19 - dinorpregna - 3,5 - dien - 20 - one 

25 acetate (1.0 g.) in tetrahydrofuran (freshly distilled, 20.0 ml.) under nitrogen at room 25 

temperature is added a solution of lithium tri-/-butoxyaluminium hydride (1.24 g.) in 
tetrahydrofuran (freshly distilled, 20.0 ml.) all at once. After 20 minutes at room tem- 
perature the mixture is poured into ice-water. Extraction with ether, washing the organic 
layer with saturated aqueous sodium bicarbonate, brine, drying over anhydrous sodium 

30 sulphate and stripping in vacuo provides a gum. Crystallisation from ether/hexanc 30 

affords 0.78 g. of slightly yellow coloured solid; m.p. 157 — 162^C; X^^^ 2.90, 5.80 

max 

and 5.88 -^^^^^ 248 m/x (e 18,700). 

(b) dl - \3\B - Ethyl - 17« - hydroxy - 6 - methylene - 18,19 - dinorpregn - 4 - ene- 
3,20 - dione acetate: — ^To a solution of oxalic add dihydrate (3.2 g.) in methanol 

35 (320 ml.) is added dl - 13;^ - ethyl - 6 - hydroxymethyl - 3 - methoxy - 18,19 - dinor- 35 
pregna - 3,5 - dien - 20 - one acetate (3.00 g.). Water (132 ml.) is added and the 
mixture is stirred at room temperature for 45 minutes. The mixture is poured into 
saturated aqueous sodium bicaiix>nate, extracted with etfier and the extracts washed 
with brine and dried aver anhydrous sodimn sulphate. Evaporation in vacuo yidds a 

40 solid which is triturated with cdier to give 2.25 g. of light yellow coloured product; 40 

m.p.. 225— 246^C. (decomposes); 5.80—5.83, 6.02 /a; X^^^ (on a previously 

max ma^ 

prepared sample) 226 m/i (e 10,900). 

(c) dl - 13\B - Ethyl - 17o: - hydroxy - 6 - methyl - 18,19 - dinorpregna - 4,6 - cKene - 
3,20 - dione acetate: — A mixture of dl - 13j8 - ethyl - 17« - hydroxy - 6 - methylene - 

45 18,19 - dinorpregn - 4 - ene - 3^0 - dione acetate (0.50 g.), Pd/C (5%> 75 mg.) and 45 

sodium acetate (0.25 g.) in absolute ethanol (15 ml.) is heated at reflux for 45 minutes 
after whidi time a sample shows UV absorption at 287 ro;^ and no 266 mu absorption. 
After coaling to room temperature the mixture is filtered through fitier aid and ctilnted 
with ether. Washing with saturated aqueous sodium sulphate and stripping in vacuo 

50 yields a gum. Colimm chromatography on Grade III Woelm neutral alumina using 50 

100% benzene as duant affords 0.28 g of colourless product on crystallisation from 

etiier/hexane; m.p. 190— 191°C; A^^^ 5.80—5.90, 6.09, 6.21 (weak), 

6.30 ^ (weak); -^^^ 287 mju (« 24,200); NMR has methyl singlets at 1.93, 2.10 and 

2.14 ppm and vinyl protons at 5.93 and 6.02 ppm. 
55 Analysis: Calcd. for Co^HjoQ^ : C, 74.97; H ,8.39. 55 
Found: C, 74.84; H, 8.38. 
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a compound of the formula: 




where K is a protected oxo group which in conjunaion witli unsaturation in rings A 

5 and/or B indicated by dotted lines is hydrolysable by acid to a 4,5-ethylenic 3-ketone. 5 

Protected 0x0 groups arc well known in steroid chemistry and suitable starting materials 
can be prepared from known 6-methyl compounds, e.g. the 6-methyl gonatrienes des- 
cribed in British Patent Specification 1,103,205. Preferred starring materials for the 
above process are 2,5(10)-dienes in which K is an alkoxy group of 3-acyIoxy-3,5-dienes 

10 in which K is an acyloxy group. X may be protected, e.g. when carbonyl, by a ketal 10 
group. The product of the above reaction predominantly has the 6«-mcthyl group but 
may be accompanied by the 6,.^-methyl compound. 

Thus 3-alkoxy-2,5(10)-diene starting materials for the above process where X is 
hydroxymethylene and Y is hydrogen may be prepared from 13/^-aIkyl-3-alkoxy 6- 

15 methylgona-l,3,5(10)-trien-17'Ones described in British Specification 1,103,205 by the 15 
following procedure. The 17-one starting material is cthynylated by a standard method 
followed by conversion of the resulting 17A'-ethynyl-17,>'?-ol by ac,vIation and treatment 
with N-bromoacetamide to give a 17<^-dibromoacetyl group and debromination with 
zinc and acetic acid to give a 17a-acetyl-17j8-acetoxy compound which is subjected to 

20 Birch reduction to give a 17S-(<i-hydrox}^thyl)-3-alkoxy-13^-alkyl-6-metiiyIgona- 20 
2,5(10-diene compoimd which is then hydrolysed according to the above process of the 
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inveation. The preparation of the starting material is illustrated by the following 
scheme; 





CH3 (d) 
esterijy 



R OAC 




---COCHBr^ 

N-bromo- 
acetam'ide 




AC2O/H2O 
NaOAc 
Zn dusb 




^^3 (h) 
hjfdrolysis 



R CJiOH 




CH3 (i) 



5 



Other starting materials (a) for the hydrolysis process may be prepared, for 
example, by selective oxidation of the intermediate (h) prior to hydrolysis, giving a 
compound where X is carbonyl. A starting materia (a) where K is an alkoxy group 



5 



10 



15 




R COCH3 



(r'C0)20 



^ 70% perchloric 

acetate 
(j) KOt-Bu 

in t-BoOH 
+ (0) 



0) CH3 
Ketaii5& R 




COCOR' 



COCH3 




A 17-acet54 3-alko.y-13,3-alkyl-6-methyIgona-l,3,5(l^^^^^^^ 
gives 




-OCOR' 



10 



15 



20 compound (q). 



20 
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A compound of the invention which has a 4^-ethylenic bond in ring A and no 
unsaturation in ring B can be produced by isomcrisation, using standard methods^ of 
the corresponding compound with a 5(10)-ethylenic bond. The latter can be obtained 
for example by treatment of a 3-alkoxy-2,5(10)-diene under mild hydrolj^is conditions 
as with oxalic acid. 

WHAT WE CLAIM IS : — 

1. A steroid compound having in rings C and D the structure: 




wherein R is an alkyl group of from 2 to 6 carbon atoms; X is C=0 or C(H)OR^ 
10 wherein is hydrogen or a (lower)alkanoyl group; and Y is H, OH or OCOR- where- 10 

in R^ is a (lower)alkyl group; and having in rings A and B the strucmre : 




wherein — — Ct — is a divalent radical of one of die structures : 

CH3 2^ CH3 2 cm 

15 wherein Z is chloro^ bromo or fluoro and is chloro or bromo provided that when X ] 
is C=0 and Y is H;, — C^ — Cr — is other than 

2, A compound as deiined in Claim 1, but wherein a 6-niethyl group is present in 
a saturated ring B and this has the iff-configuration. 
20 3, A compound as claimed in Claim 1, wherein R is an ethyl group, ^ 

4. A compound as claimed in Claim 1 or Claim 3, wherein R^ is an acetyl group. 

5. A compound as claimed in any one of Qaims 1, 3 or 4, wherein R^ is a methyl 
group. 

6. A compound of the formula : 



25 .11' : 




wherein R is an alkyl group of from 2 to 6 carbon atoms; X is C=0 or C(H)OR^ 
wherein R^ is hydrogen or a (lower)alkanoyl group; Y is H, OH or OCOR^ wherein 
R2 is a (iower)aikyl group; and — Cg — C7— is a divalent radical of one of the 
structures: 



30 Y y Of 
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7. A compound of the f onnula : 




wherein R is an alkyl group of from 2 to 6 carbon atoms; and Y is H, OH or OCOR- 
wherein is a (iower)alkyi group. 
8. A compound of the formula: 




10 



15 



20 



25 



wherein R is an alkyl group of from 2 to 6 carbon atoms; X is C=0 or C(H)OH; and 
is OH or OCOR^ wherein R-^ is a (lower)aIkyl group. • :c ^th^l' 

9. A compound as claimed in any one of Claims 6, 7 or 8 wherein R is an ethyl 

^"^^""^O 13i<?-Ethyl-205-hydrox>-6-methyl-l 8,19-dinorpregna-4,6-dien-3-one. 

11. 13,0-Ethyl-6-methyl-18,19-dinorpregna-4,6-diene-3,2O-dione, 

12. 13i5.Ethyl-17<i:-hydroxy-6-methyl-1849-dinorpregna-4,6-diene-3,20-di^^ 

13. The 17-acetate ester of the compound of Claim 12. 

14. ia/3-Ethvl-6t^-chloro-18,19-dinorpregn-4-en-3-on-2a-ol acetate. 
13j5-Ethyl-6-chloro-lS,19-dinorpregna-4,6-dien-3-on-20-ol acetate. 
13j5-Ethyl.6«-chlorO"18a9-dinorpregn-4-ene-3,20-dion-17«-ol acetate. 
13iS-Ethyl-6-chloro-1849-dinorpregna-4,6-diene-3,20-dion-17«-ol acetate. 

xo. 13,f?-Ethyl-6-chloro-17a-hydroxy-18,19-dinorpregna-4,6-diene-3,20-dione. 

19. 13)S-Ethyl-20g-hvdro;:y-6a-methyl-1849-dinorpregn-4-en-3-on^^ 

20. 13i^-Ethyl-17<3:-hydrosy-6a-methyl-18,I9-dinorpregn^4-ene-3,20-dione acetate. 

21. 13j8-Ethyl-20^hydroxy-6-meihylene-18,19-dinorpregn-4-en-3-(Mtte^ 

22. A process for die preparation of a compound as claimed m Claim 1 wlwcu 
comprises 

(a) hydrogenating a compound of the formula II : 



15. 
16. 
17. 
18. 



10 



15 



20 



25 




to give a compound of the formula Id : 
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(b) rearranging a compound of the formula II as above defined to a compound of the 
formula le: 



(le) 




;c) halogenating a compound of the formula III : 



•R^COO 




(m) 



to give a compound of the fonnula If, wherein is chlorine or bromine. 




I— Y 



(If) 



(d) dehydrogenating a compound of the formula If as above defined to give a com- 
pound of the formula Ig 



10 




10 



(e) reacting a compoimd of the formula IV 
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with a hydrogen haUde to forni a compound of the formula Ih: 

(f) partially hydrolysing a compound of the formula Ik 

R k 

■1— O.COR^ 



28 





(IK) 



wherein X is as defined in Claim 1 and is methyl, bromo or chloro to give a com- 
pound of formula Ij : 

R X 

p2 




(Ij) 



wherein C,— C. is a divalent radical as defined in claim 1 and having a saturated ring 
B, with a 6-methyl3 chloro or bromo substituent, 
(g) hydrolysing a compound of the formula In 

CH3 



(In) 



10 




CffeOH 



to give a compound of the formula II 




(IT) 



, Tj -v V r 71 r C. — and in the above formulae being as 

f^^Tckim U^i^ oti;;Si;;^fied), W being an alkoxy group and R» being 
a lower alkyl radical. 



15 
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23. A process for preparing a compound as clmmed in Claim 1 or Claim 2 where- 
in Ring B is saturated which process comprises hydrolysing a compound of the formula 

CH3 



(a) 



where K is a protected oxo group which in conjunction with unsaturation in Rings A 
and/or B indicated by dotted lines is hydrolysable by acid to u 4,5-ethyIenic 3-ketonc, 
and X is as defined in Claim 1 or may be a protected carbonyl or hydroxymcthylene 
group and Y is defined in Claim 1 to obtain a compound of formula Id and/or the 
corresponding 6i^?-methyl compound or isomerising a compound of formula: 



29 





— Y 



(10) 



10 



15 



20 



25 



30 



35 



40 



45 



wherein TJ" is methyl, «-chloro or a-bromo to obtain a corresponding gon-4-en-3-one, 
the groups R, X, Y, Z, — C,— C,, RS R^ and W "in the above formulae being as 
defined in Claim 1 (unless otherwise specified above) and R^ being a lower alkyl radical 

24. A process as claimed in Claim 22, wherein R is an ethyl group. 

25. A process as claimed in Claim 22 or 24 wherein a compound of the formula 

II is hydrogenated by exchange hydrogenation with an organic hydrogen donor in the 
presence of a catalyst to obtain a compoimd of the formida Id. 

26. A process as claimed in Claim 25:, wherein the exchange hydrogenation is per- 
fonned with cyclohexene in the presence of a palladium on carbon catalyst, 

27. A process as claimed in Claim 22 or 24 wherein a compoimd of the formula II 
is rearranged to give a compound of the formula le by heating with a weak base in the 
presence of a noble metal catalyst. 

28. A process as claimed in Claim 27 wherein the weak base is sodium acetate. 

29. A process as claimed in Claim 27 or Claim 28 wherein the noble metal catalyst 
is a platinum or palladiimi catalyst. 

30. A process as claimed in Claim 22 or 24 wherein a compound of the formula 

III is halogenated with N-chloro- or N-bromo-sucdnimide to give a compound of 
formula If, 

31. A process as claimed in Claim 22 or 24 wherein a compound of the formula If 
is dehydrogenated by heating with cbloranil to give a compound of formula Ig. 

32. A process as claimed in Claim 22 or 24 wherein a compound of the formula 

IV is reacted with a hydrogen halide to obtain a compound of formula Ih. 

33. A process as claimed in Claim 22 or 24 wherein a compound of the formula Ik 
is partially hydrolyscd by dilute alkali metal hydroxide to give a compound of the 
formula Ij. 

34. A process as claimed in Claim 33 wherein the hydrolysis is carried out witii 
potassium hydroxide in methanol. 

35. A process as claimed in Claim 22 or 24 wherein a compound of the formula 
In IS hydrolysed with dilute mineral add or an organic add to a compound of the 
formula 11. 

36. A process as claimed in Claim 35 wherein the acid is dilute sulphuric add or 
oxalic add. 

37. A process as claimed in Claim 35 or 36 wherein a compound of the formula 
In IS used wherein W is a methoxy group. 

38. A process as claimed in Claim 23, wherein K is an alkoxy group accompanied 
by ethylemc bonds in the 2- and 5(10)- r 3- and 5-positions. 



10 



15 



20 



25 



30 



35 



40 



45 
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39 A process for the preparation or a compounu dt, tiaimtu v."."" 

X is C=o; which process comprises selectively oxidising a corresponding compound 
here is CfI^)H 

^ ^^40 A process for the preparation of a compound as claimed in Claim 1, wherein 
5 X is CHOhT which process comprises selectively hydrolysing a coirespondmg compound 
wherein X is CHOR\ being a lower alkanoyl group. 

41. A process as claimed in Claim 22 or 24 substantially as descnbed m any one 

of ExMipks UoJ4^^ _^ ^^^.^ substantiaUy as described in Example 15. 

10 43. A steroid compound whenever prepared by a process as claimed m Claim ^ 

^44. A steroid compound whenever prepared by a process as claimed in any one of 

Claims 25 to 32. i • j - r^i - 

45. A steroid compound whenever prepared by a process as claimed m Uaim 

^46, A steroid compound whenever prepared by a process as claimed in 35 or 36. 

47. A steroid compound whenever prepared by a process as claimed in Claim if. 

48. A steroid compound whenever prepared by a process as claimed in Claim /.5 
or 38 

20 49 A steroid compound whenever prepared by a process as claimed in Claim 41. 20 

50. 13J3 - E±yl - I7a - hydroxy - 6 - methylene - 18,19 - dinorpregn - 4 - cnc- 

3,20 - dione acetate. , . j . . j-y 

51. A steroid compound whenever prepared by a process as claimed m Uaim 

52. A pharmaceutical composition comprising a compound as claimed in. any one 

25 of Claims 1 and 3 to 20, (excluding 6-methylene compounds), and a pharmaceuucai 2^ 
carrier. 

G. R. PORTER, 
Chartered Patent Agent, 
John Wyeth & Brother Limited, 
Huntercombe Lane South, Taplow, 
Maidenhead, Berkshire. 
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